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Introduction

- CS-0777 and Fingolimod need phosphorylation to have a S1P, agonist activity.
- Fingolimod was approved as a first oral drug for multiple sclerosis by
FDA in September 2010.
- The kinase and the phosphatase for Fingolimod have been already reported.
- The kinase for CS-0777 identified by our team is different from a Fingolimod
Kinase.
- The phosphatase for CS-0777 has not been identified so far.
- Identification of the phosphatase is required to fully understand mechanism
of activation and inactivation of CS-0777.

Active form
FN3K-RP CS-0777-Phosphate
(CS-0777-P)
b P
CS-0777
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Purification - 1

Fractionated human kidney homogenate

Human kidney 1.1 g

homogenate [ CS-0777 product (n=2)
—— proteln concentration
Cb 100,000 g 250 -
_ 1 16000 E
- I (@]
£ 200 i =
pellet  sup 2 i 1 12000 §
} (#1) S 150 £
Solubilized with 1% DM 2 .| 18000 ¢
C15 15,000 g 5 = \‘~~\. 14000 3
v 90 o
l—l O T
‘ [ | ‘ ‘ —
sup pellet 0 0
#2) | #3) Homogenate #1 #2 #3

- CS-0777-P phosphatase activity mainly resided in
the insolbule fraction.

- A detergent (1% DM) was found to be very effective
in solubilizing the activity.

Used for purification
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Purification - 2

#2 fraction 0 Adhere pH9 " Phosphatase activity
obtained from N il 0 o
o ) Eoal E
Purification - 1 ) o0 2 , 100000
S 10 250 ° o 80000
| = s 1l 200 3 < 40000
L?\ 6 [ 150 @
Step 2 51l " ;3° © o 11 12 13 14 15
. n il
Multimodal O s 5 7 ol11 1315 17 19 24 23 25 27 20 Gel filtration fraction number
- v Fraction number
anion eXChange 5 Mono Q pH9 We were not able to find the
Adhere pH9 . band that correlated with CS-
l g - I % 0777-P phosphatase activity by
Step 3 g 0| s this purification.
ep g 25 é
Anion-exchange £ © : Gel stain
MOHO O DH9 E (5) 7 Fraction number

kDa

1357 9 111315171921 232527293133353739 4143454749 i -
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150 |

Step 4 . Superdex 200 N oo | B

. . .y [I 75 | — [ |
Gel Filtration 7, 2P 50 | ——
Superdex 200 i 5% 37 | —
Enzyme activity was | = * 03 2 » —

? 2 | o p— e ——

concentrated by S M_’_/I( ’ 10 Superdex 200 fractions (Flamingo stain)
about 200-fold. 0 T ——
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ldentification of candidate proteins by

Proteomic Correlation Profiling”

Gel filtration of the enzyme active fractions

VVVVV =

Proteins digested by trypsin
LC-MS/MS

Database search

Draw profile comparisons
phosphatase activity profile
and protein quantitation profile.

Activity
b

Fractions - Fractions

[
2 =
g - :
<
<

N

7

YY

77

Rank  Gene symbol Correlation coefficient (1 )

>

<

|dentified 274 proteins and
MS-based protein quantitation

e

1 SLC13A2 0.9984
3 SLC2A1 0.9958
4 NCSTN
5 SLOIAG Rank 2/ 274
6 SLC22A8 0.Y835
7 SLC17A3 0.9817
8 SLC22A12 0.9742
9 HADHA 0.9741
10 FH 0.9739
11 BSG 0.9682
12 LAMP1 0.9277
13 HADHB 0.9226
14 SLC5A12 0.9182
15 XPNPEP2 0.8871
16 DPP4 0.8855
17 C9orf46 0.8673
18 MME 0.8513
19 ATP1B3 0.7816
19 SLC22A12 0.7816

v

Daiichi-5ankyo

The Pearson correlation between the protein amount and CS-0777-P
phosphatase activity for all 274proteins was calculated.
* Kubota K. et al. (2009) Nat. Biotechnol. 27, 933-940




ldentification of candidate proteins by

Proteomic Correlation Profiling

—— ALPL quantitation profile
=== CS-0777P  phosphatase activity profile

ALPL
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Alkaline phosphatase activities for , tissue none specific isozyme
(ALPL) showed best correlation between phosphatase activity and
MS-based quantitation as phosphatases.




CS-0777-P phosphatase activity of U

recombinant ALP isozymes

N
Specific enzyme activity §
for recombinant ALP isozymes WE IS N {c’
s} — —_ [a
= 15 Anti-Flag ab § S 4 4 4 %
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EGFP ALPL ALPI ALPP ALPPL2

Recombinant all ALP isozymes had CS-0777-P
phosphatase activity !

In particular, ALPL had 3-fold higher specific activity compared to other ALP
iISsozymes.

ALPL: Tissue-nonspecific isozyme (Liver/Bone/Kidney), ALPI: Intestinal isozyme,
ALPP: Placental isozyme, ALPPL: Placental like isozyme (Germ cell)
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Motivation -
cuntext Daiichi-5ankyo
|

The number of new drug leads from natural products has decreased

Is there a perception that the variety of natural product has run dry?

The Answer is No

From recent microbial genomics research revealed that
there is a huge number of ‘silent’ biosynthetic gene clusters

‘Silent’
Biosynthetic Gene Clusters

Microbial Genome

Treasure House of Drug Leads !
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Anproaches to discover new compounds

Traditional Strategy

Bioassay-guided

Emerging Strategy

Genome Mining Approach

Genome Scanning Approach
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Proteomics Approach
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Gene Targeting Approach




Motivation -
Gene targeting approach for novel transiocase | inhibitors

Hypothesis

We could discover strains which have a potential for producing

translocase | inhibitor with uridine moiety by targeting the SHMT gene

A-500359 o A-90289

Serine hydroxymethyltransferase (SHMT) homolog
is conserved in the uridine-nucleoside biosynthetic gene clusters (orf14, capH and lipK)
is a key enzyme for the biosynthesis of these uridine-nulceoside antibiotic

17
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No-producers of Liposidomycin Capuramycin

orfl4 (A~ EANVIDFEGSNRRRPFGDHGMTGIKELRDVV &0
CapH (A-5 -MTDIRELRKVV 11 - T -
LipK (A-90289) : GAGGKTSADADPIMLY 15 nucleoside antibiotics -type -type
DS-F1 e— DS-F2 m— 1 2 3 4 5 1
orfl4 (A-500359) RAEERKAATAVNEWBSENR 1S PLAQLPLSTDYYNRYFFN DA LDPGFWQFRGGQEVAE 120
CapH (A-503083) 1 FRAQERKAAASINEVPSENK LEPLAQMPLSTDYYNRYFENDE LDPGFWQFRGGQEVAK 71
LipK (A-90289) 2&.:RAIADADRFAAHALN’LVFSENFIcFLASLPLQ:DPTHRYFI'NTDGDPLFWEFR”_DIA}‘ 79 A
DS F3—
Orfld (A-500359) PISGLSAMMMALAGLGGKPGGTVVSVGAESGEHYATAG 180
CapH (A-503083) GLGGPPGGTVVSIDAA [ATAD 131 B
LipK (A-90289) EA-LGAAALRRMASARYCNVRPTSGMSAMILTVAAL-SPPGSTVVSVDQNSGEHYATFA 137

VDEQRLGQLLRERTPQLLYLDLONSRHELEVSRVAELIKEYS 240
OWFGQVLREHVPELVYLDLONSRHELEVSRVAELIEAHS 191 c
SELAEVLAPGDVAL V'NWQNrVRvPPF:Rv%PVT REVS 197

o0rfld (A-500358) 181:MARRLGFESATVEV)
CepH (A-503083) : MARRLGFESATVEVVRGR
LipK (A-90289) GRLGRRSRLLNCKDGEVDES

P—— P * ok wh B
_ DS R1
orfls (& STLLHVDCSHTMGLILGSALGNPLDAGADTH KTFPEBHEGVL FTRSPELHQRLK 300 D
CapH (A-5 + PHTTLHVDCSHTMGLT LGGALSNPLDAGAHTM SFPEPHKGVLFTRSPELHORLK 251
LipK (A-50289) 198: PGTRLYVDASHY LGLVLGGLLANP LDCGADAFGGSTHKSF PGPHRGW FTNAEDVDESLR 257
A DS-R2
Orfl4 (A-500359%) 301:DAQFTMLSSHEBREEL SLGLAAAEFHHFGOAYAEQVIANARLFSKLLAADGFDVAADENG 360 E

EQVVANARLLGKLLAADGFDVTADENG 311
DYARATNDNARRLAGALADAGFRVYGDSAT 317

CapH (A-503083)
LipK (A-90289)

F

1: HATSTHOVWVKI GDAERTDRTSQALYEHGT RVNVQVDLEGLEGPALRLGVNELTFTGGRE 420
(ATSTHQLWVRIGDAEQTDRFSKY LY DHGI RVNVQVDLPGLPGPVLRLGVNELT FLGGH]
YTDI‘HQWVELDCVAAMALSNRLA GGIRVNLQS SMPGH RLGSNEVTFEGAGE 377

L LT L S T T L L L L L s P 168 rRNA

CapH (A-503083)
LipK (A-90289)

Orfld (A-3 421: ARVHRALAEEFGNARAGVRRDGDGARRVCEQSGPPFYFAEFS— - 461
CapH (A-503083) 372:AAVHALAEEFSHARDGVRRDGEGSQRVREQYGPPFYFVEFS— - 412
LipK (A-%0289) 378: QAIEELAGALVTARERA- LGPRTVHE IRGRFGAPFY TDPEKLKVEAGL 424

SRR R

Specific for translocase |
inhibitor producers

Primer Sets
A is primer combination of DS-F1 and Lane: 1, Streptomyces coelicolor A3(2) ATCC BAA-471;
Lane: 2, Streptomyces avermitillis ATCC 31267;

DS-R1 y Lane: 3, Streptomyces gieseus IFO 13350;
B i s Of DS-F1 an d DS-R2, Lane: 4, Saccharopolyspora erythraea NRRL 3887;

Lane: 5, Streptomyces lividans TK21.
c is Of Ds-Fz and DS-R‘I y Lane: 6, Streptomyces sp. SANK 60405, A-90289 producer;
D is of DS-F2 and DS-R2,
E is of DS-F3 and DS-R1,
F is of DS-F3 and DS-R2.

Set B was used for 15t screening

Set A and C were used for 2"d screening

Lane: 7, Streptomyces sp. SANK 60704, A-97065 producer;
Lane: 8, Streptomyces arenae NRRL 2377, A-84830 producer.
Lane: 9, Streptomyces griseus SANK 60196, A-500359 producer;
Lane 10, Streptomyces sp. SANK 62799, A-503083 producer;
Lane 11, Amycolatopsis sp. SANK 60206, A-102395 producer.

Reaction Components

0.5M betaine

X1 Gotaq

0.4 M forward primer

0.4 M reverse primer

15% crude genome extracted by InstaGene
D.W.

Reaction Con

35 cycles of [94°C for 30 sec, 45°C for 30 sec and 72°C for 60 sec]

18
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lil. PCR-hased Screening V. Sequence Analysis
~2500 strains | ! | | . | |

0 10 20 30 40 50 60
qst rarely-explored actinomycetes [kb]
. isolated from soil e e o o 1 o 1 — e | e e
29 SHMT
3 -
SphA Glycosyl transferase group 1 SphM Sucraseferredoxin family protein
SphB Arylsulfatase SphN Transketolase
6 SphC Phosphoesterase SphO MmgE/PrpD family protein
SphD ABC transporter SphP Aldo/keto reductase
‘ seque“ce CheCk SphQ Diaminopimelate decarboxylase
SphR Hypothetical Protein
1 e TR CT Ky rn.u.e‘k SphS F420-dependent oxidoreductase
Sphaerisporangium sp. SANK 60911 SphU Type | polyketide synthase
SphJ Serine hydroxymethyltransferase SphV Type | polyketide synthase
ped
e
0orfld4 (A-500359)
o sozes) There were several ORFs of which homologs are

orfl4 (a-500359)
CapH (A-503083)
LipK (A-90289)

HIT SHMT

involved in other translocase | inhibitor biosynthesis

Highly homologous to known SHMTs!
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V. Cultivation and Activation
HPLC Analysis RT-PCR Analysis
Derivatives
1 Agar plate J // \ Sphaerimicin A Agar Plate Liquid Medium
£ w J A B C D
4 -
8 1 Liquid medium A SphE
T3
2
Z :%medium B sphJ
L2
22
o | Liquid medium C sphV
s -
€ ] Liquid medium D 16S rRNA
0 |
11 12 13 14

Retention time (min)

Only when Sphaerisporangium sp. SANK 60911 was cultivated on agar
plate, products with the characteristic absorption at 260 nm and the
expression of some biosynthetic genes were detected
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Deuterium shift not obsd
Deuterium shift obsd
=3 1H.15N long-range correlation

o Exchangeable proton
Sphaerimicin A in DMSO-d; Sphaerimicin A in CD;0D

O-sulfate group substituted at C-3’

Planar structure of sphaerimicin A

HN OH
0
o o
HO O OH
OH 0=8=0

Novel polyketide-nucleoside h%(Hbrid antibiotic

with objective uridine moiety and unique piperidine ring system
21
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